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Source: Adapted from Downing JA, et al. Gulf of Mexico hypoxia: 
land and sea interactions. Task force report no. 134. Ames, 
IA:Council for Agricultural Science and Technology, 1999.   
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EPA/Ecology regulatory question:
Are humans causing the dissolved oxygen to worsen by >0.2 mg/L?
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USGS and UW Nitrogen Flux Estimates
Marine
Human
Natural
– Source:  USGS (2006) and Steinberg et al. (2010)
Human Contribution:
Marine Contribution:
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PNNL’s Sediment Cores
• Low-oxygen conditions before European 
settlement
• Oxygen lower before 1900 than between 
1900 and 2005
– Contrary to expected pattern
• Low-oxygen follows a decadal pattern
– Suggests climate influences are         
dominant in large basins
Source: Brandenberger et al. (2008)
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Fish kills
http://www.hoodcanal.washington.edu/documents/P SHCDOP/hc-dem.jpg
Central Hood Canal
No significant human 
contribution to low 
dissolved oxygen
Fish kills caused by 
natural circulation 
and wind events
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HCDOP’s Fish Kill Analysis
CENTRAL HOOD CANAL
LYNCH COVE
Source:  HCDOP
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Watershed Nitrogen Sources
Rainfall
Natural 
BackgroundRed Alder
Human PopulationMarine Upwelling
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Summer watershed loadings to Lynch Cove (MT/month)
Tributaries and 
Uplands
Low High
0.4
0.2
0.6
0.4
0.2
0.6
natural
red alder
population
Shoreline Septic 
Systems
0.3 1.9
Total                   1.5 3.1 
Sources: HCDOP, USGS, Mason County, EPA/Ecology, Steinberg et al. (2010)
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Lynch Cove marine nitrogen loading
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EPA/Ecology range
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EPA and Ecology’s “Best Estimate” from Box Model
• Summer average DO impact in Lynch Cove
• Uncertainty is high
– uncertainty in marine N
– highly generalized time 
and space scales
0.03 – 0.3
0.03 – 0.3 mg/L
Sources: HCDOP, USGS, Mason County, EPA/Ecology, Steinberg et al. (201016
• Sophisticated tool – 3D simulation
• Model calibration (accuracy) issues
• Simplified scenario setups
• Estimated DO impact
• Very similar to box model range
• Is Lynch Cove impact > 0.2 mg/L?  Inconclusive
0.04 – 0.3 mg/L
UW’s 2nd line of evidence: ROMS model
Source:  Kawase and Bahng (2012)
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